Malnutrition is widely prevalent among patients on hemodialysis. Malnutrition can be estimated using a fully quantitative scoring system Subjective Global Assessment-Dialysis Malnutrition Score which is simple, reliable and dynamic. The primary objective of the study was to assess the severity of malnutrition in patients with end stage renal disease and undergoing hemodialysis in a tertiary care teaching hospital in Chennai, using Subjective Global Assessment-Dialysis Malnutrition Score and correlate it with standard indicators of malnutrition like anthropometric and biochemical parameters of the study population by Pearson's correlation. Anthropometric assessment included height, body weight, triceps skin fold thickness, mid arm circumference, mid arm muscle circumference % and biochemical parameters included serum albumin, transferrin, ferritin, total protein, total cholesterol, blood urea nitrogen and creatinine. Based on the scores, of the 66 patients, 91% were moderately malnourished. There was a significant negative correlation between modified Subjective Global Assessment-Dialysis Malnutrition Score and anthropometric measures such as triceps skin fold thickness, mid arm circumference, mid arm muscle circumference; biochemical markers such as albumin, transferrin and ferritin. The data obtained from this study confirm that a high degree of malnutrition was prevalent in patients on hemodialysis, as shown by anthropometric assessment, biochemical markers of malnutrition and Subjective Global Assessment-Dialysis Malnutrition Score. Nutritional status as determined by Subjective Global Assessment-Dialysis Malnutrition Score is a useful and reliable index for identifying patients at risk for malnutrition and it correlates well with anthropometric and biochemical assessment. may be integrated in regular assessment of malnutrition in patients on maintenance hemodialysis.
Research Paper
Protein energy malnutrition (PEM) is common in hemodialysis patients and is linked to increased morbidity and mortality [1] . There are several causes of PEM in patients with advanced chronic renal failure (CRF). These include; inadequate food intake secondary to anorexia caused by uremic state, altered taste sensation, concurrent illness, emotional distress, impaired ability to procure, prepared or mechanically ingested foods, unpalatable prescribed diets; the catabolic response to superimposed illness; the dialysis procedure itself which may promote wasting by removing nutrients and may promote protein catabolism due to bio incompatibility; conditions associated with chronic inflammatory state and may promote hyper catabolism and anorexia; loss of blood due to gastrointestinal bleeding, frequent blood sampling, blood sequestered in hemo dialyzer and tubing; endocrine disorders of uremia; possibly the accumulation of endogenously formed uremic toxins or the ingestion of exogenous toxins [2] .
Patients on maintenance hemodialysis (MHD) require adequate nutrition in order to prevent PEM. Failure to diagnose malnutrition leads to neglect of nutritional support during illness. Active nutritional support has been shown to improve outcomes and reduce cost of treatment in severely malnourished patients [3] [4] [5] [6] [7] . Nutritional status is frequently ignored in many dialysis centers while simple methods of nutritional assessment could have a favorable impact on patient management [8] [9] [10] [11] [12] .
Numerous tools and scoring methods are used to screen for malnutrition in the community and hospitals [13] [14] [15] . Most of these tools are either not validated clinically, or are not user friendly in busy clinics. Body mass index (BMI) is a simple and objective measurement for determining the nutritional status and is an important component of several malnutrition screening tools [16] . In the setting of widespread chronic energy deficiency, BMI may not be a reliable marker of malnutrition. Anthropometric measurements such as skin fold thickness, mid arm circumference (MAC) and mid arm muscle circumference (MAMC) are widely used. However, the sensitivity of these methods in detecting early malnutrition, their practicability and their applicability to hemodialysis patients has not been convincing. More elaborate methods, such as dual energy X-ray absorptiometry (DEXA), bioelectrical impedance, near infrared interactance, total body nitrogen determinations and total body potassium estimates, may give reliable results, however, the techniques are costly and their use is confined to a few major research centers [8] .
Biochemical marker serum albumin is a valid and clinically useful measure of protein-energy nutritional status in MHD patients. Hypoalbuminemia is highly predictive of future mortality risk and measurement of serum albumin is inexpensive, easy to perform and widely available. However, despite their clinical utility, serum albumin levels may be insensitive to changes in nutritional status, and they do not necessarily correlate with changes in other nutritional parameters and can be influenced by non-nutritional factors like inflammation [17] [18] [19] . Serum prealbumin may be a more useful marker of protein-energy nutritional status in patients with or without CRF due to its short half-life [20] . But, its use, as in case of albumin, also has limitations. Serum transferrin compared to serum albumin is a more sensitive marker (due to its short half life) of nutritional status, and of the visceral protein pool in individuals with or without CRF. However, interpretations of serum transferrin can be complicated by increased iron requirements induced by chronic blood loss and treatment with erythropoietin. Serum creatinine and creatinine index are valid and clinically useful markers of protein-energy nutritional status in dialysis patients. Individuals with low pre dialysis or abalised serum creatinine (less than 10 mg/dl) should be evaluated for PEM and skeletal muscle wasting. A low creatinine index and in the absence of substantial endogenous urinary creatinine clearance, a low serum creatinine concentration suggests low dietary protein intake and/ or diminished skeletal muscle mass and are associated with increased mortality rates [10] . Serum cholesterol can be used as a screening tool for detecting chronically inadequate protein-energy nutritional status. Individuals undergoing MHD who have low-normal (less than 150 to 180 mg/dl) non fasting serum cholesterol have higher mortality than those with higher cholesterol levels and therefore such individuals should be investigated for possible nutritional deficits [21] .
Subjective global assessment (SGA) scores, determined by medical history on seven items and clinical findings on four items, is a well-validated tool for screening for malnutrition [22] [23] [24] . Although the SGA scores are determined in a subjective manner, it is the only screening tool recommended by the American Society for Parenteral and Enteral Nutrition (ASPEN). Using components of conventional SGA, a fully quantitative scoring system consisting of 7 components with total score ranging between 7 (normal) and 35 (severely malnourished), has been recently developed and named as modified subjective global assessment score [1] . Because of its simplicity, the modified SGA scoring can be done by paramedical staff. While there are no definite descriptions for the majority of components of SGA, it takes into consideration the hemodialysis duration and total result of it is mostly examiner dependent, the proposed method is fully quantitative, performed in few minutes, is free of cost, and definitely determines the nutritional status of hemodialysis patients. It seems that modified SGA is superior to conventional SGA and more suitable to detect the changing trend of nutritional status, which may be missed by one time anthropometry and biochemical methods [25] [26] [27] .
In India, there is a high prevalence of protein energy malnutrition in patients with end stage renal disease (ESRD) and the calorie and protein intake of Indian patients with ESRD is poor. There is a paucity of data on the assessment of nutritional status in Indian patients with ESRD. The various methods used for assessment of nutritional status are time consuming and complex. Subjective global assessment-Dialysis Malnutrition Score (SGA-DMS) is a simple and dynamic tool to assess malnutrition in ESRD and its use in Indian population has not been much explored. A study was carried out to assess the nutritional status of hemodialysis patients using standard techniques of assessment like anthropometry and biochemical parameters and correlate with modified SGA score.
MATERIALS AND METHODS
Sixty six patients (46 men and 20 women) undergoing hemodialysis in a South Indian tertiary care hospital, who had never changed their modality of treatment (from hemodialysis to peritoneal dialysis or transplantation), not hospitalized in the month prior to the study, had no signs of infection or disease activity (collagen vascular disease), were included in the study after obtaining the approval of Institutional ethical committee and informed consent of the patients. All of the patients entered into the study had been hemodialysed for 6 months and above.
Data including patient demographics, duration of hemodialysis and co-morbidities were obtained by a detailed history elucidation from the patients and their case records. Anthropometric measurements (height, body weight and skin fold thickness) were done after completion of the dialysis session. Triceps skin fold (TSF) thickness was measured using skin fold caliper. Mid arm circumference (MAC) was measured using an inch tape. Measurements were performed three times on the non-access arm of each dialysis patients and the average result of the three measurements was registered as the final MAC value. MAMC was calculated using the formula MAMC=MAC-(3.14×TSF). MAMC percentage was calculated with the standard formula (MAMC% = MAC/ 50 th ×100) and interpreted using the following standards (>85% -acceptable; 76-85%-mild depletion; 65-75% -moderate depletion; <75%-severe depletion). The following laboratory parameters were measured on all patients after the dialysis session: Serum albumin, total protein, cholesterol, serum transferrin, ferritin, total iron binding capacity, creatinine and blood urea nitrogen. Total nutritional scoring for each patient, assessed by means of modified quantitative SGA was performed on all 66 dialysis patients using modified SGA-Dialysis Malnutrition Score.
Modified Subjective Global Assessment -Dialysis Malnutrition Score [1] : SGA-Dialysis Malnutrition Score (DMS) consists of seven features; weight change, dietary intake, GI symptoms, functional capacity, co-morbidity, subcutaneous fat and signs of muscle wasting. Each component has a score from 1 (normal) to 5 (very severe). Thus the malnutrition score (sum of all seven components) is a number between 7 (normal) and 35 (severely malnourished). Lower score denotes tendency towards a normal nutritional status. A higher score is considered to be an indicator of the presence of malnutrition elements i.e. protein energy malnutrition. The scoring sheet, consist of two parts and seven elements as described above. During each patient's evaluation, a questionnaire regarding the first five components or 'patients' related medical history' was obtained to facilitate the optimal evaluation. For 'weight change', the overall change in the post-dialysis weight dry weight in the past 6 months was considered. The lowest score (1) was given if there was no weight change or if the patient had gained weight. Scores of 2-5 was given for minor weight loss (<5%), weight loss of 5-10%, weight loss of 10-15%, and any weight loss over 15% during the last 6 months, respectively. 'Dietary intake', which was reported by the patients during interview, was scored 1 (normal) if it was considered as a regular (conventional) solid intake with no recent changes in the amount or quality of meals, 2 for sub-optimal solid diet, 3 for full liquid diet or any moderate overall disease, 4 for hypo caloric liquid and 5 for starvation. 'Gastrointestinal symptoms' were scored 1 if there was no symptoms, 2 for nausea, 3 for vomiting or any moderate GI symptoms, 4 for diarrhea and 5 for severe anorexia. 'Functional capacity' was score 1 for normal functional capacity and/or any considerable improvement in the level of previous functional impairment, 2 for any mild to moderate difficulty with ambulation, 3 for difficult with normal activity 4 for restricted to solely light activity and 5 for persistent bed/chair-ridden state. Co morbidity was scored as 1 if there were no other medical problem (otherwise healthy) and if the patient had been hemodialysed for less than 1 year; 2 if there was mild co morbidity or if the patient had been dialysed less than 1-2 years; 3 if there was moderate co morbidity or if the patient was >75 years of age; 4 if there was severe co morbidity or if the patient had been dialysed for over 4 years; and 5 if there were very severe, multiple co morbidities. Physical examination consists of two sections subcutaneous fat and muscle wasting. 'Body fat stores' (subcutaneous fat) was scored by assessing subcutaneous fat deposition in four body areas: Below the eyes, triceps, biceps and in chest area. Signs of muscle wasting were obtained by briefly examining seven sites: Temple, clavicle, scapula, ribs, quadriceps, knee and interosseous muscles. After completion of physical examinations, patients were placed in one of three groups, well nourished, mild to moderate malnutrition and severe malnutrition. These three groups were defined as 1, 3 and 5 in DMS respectively (Appendix-1).
Statistical analysis:
Descriptive statistics and regression analysis were carried out with the statistical software Minitab. All data were expressed as mean±SD. Pearson's correlation was used to assess the strength of association between SGA-DMS scores and anthropometric and biochemical parameters. A p-value of <0.05 was considered statistically significant.
RESULTS
A total of 66 patients (46 males (69.6%) with the mean age of 49.52±14.3 years and 20 females (30.3%) with the mean age of 46.3±16.4 years) undergoing hemodialysis were involved in the study. Majority of the patients were under the age range 51-70 years and they were severely malnourished. The duration of hemodialysis in the study patients ranged from 6 months to 4 years with a mean duration of 2.19±1.04 years. Majority of patients (35 males and 10 females) had been undergoing hemodialysis for a period of 2-3 years. The frequency of hemodialysis was found to be once weekly, twice weekly and thrice weekly with a mean frequency of 2±1 per week. The co-morbidities of study population were found to be diabetes in 18 (27.27%) patients, hypertension in 36 (54.54%), diabetes and hypertension in 12 (18.18%) patients.
There was no significant correlation between the age, sex and SGA-DMS scores. Though years and frequency of dialysis had impact on the nutritional status, no significant correlation was found between SGA-DMS and duration and frequency of dialysis.
Subjective Global Assessment-Dialysis Malnutrition Score (Table 1) : SGA was used for assessing the malnutrition in the study population. A score of 7 is normal and 35 is considered severe malnourishment. The mean SGA score was 17.9±2.85 (17.3±3.2 in women and 18.2±2.6 in men). Based on the modified SGA scoring method, 91% patients were mild to moderately malnourished and the quantitative malnutrition scores were not significantly different between men and women suggesting that both men and women had equal tendency towards malnutrition.
Anthropometric assessment (Table 2):
The mean height of the patients was 65.51±2.95 inches (67±1.29 inches for males and 62.1±1.89 inches for females). As per the ICMR guidelines, SGA-DMS -subjective global assessment-dialysis malnutrition score; Ht -height; BW -body weight; TSF -triceps skin fold; MAC -mid arm circumference; MAMC -mid arm muscle circumference. *P value of ≤ 0.05 was considered significant. average weight of men on hemodialysis should be 60 kg and that of women should be 55 kg. In the study, the mean body weight of males was 58.0±10 and females 51.70±7.4. Both men and women had less body weight than the standard which could have been due to malnutrition. Body weight showed a significant negative correlation with modified SGA-DMS (r = -0.342; P=0.037).
TSF estimates the subcutaneous fat deposits. The mean TSF value was found to be 4.51±1.57 mm (4.52±1.56 mm in males and 4.50±1.64 in mm females). TSF had a significant negative correlation with SGA (r = -0.305; P=0.054), indicating that lower the TSF values higher the SGA-DMS score fig. 1 .
Mid arm circumference reflects the skeletal mass.
Normal values for men should be >23 cm and women should be >22 cm. The mean value was 20.07±4.46 cm (20.9±4.2 cm for males and 18.0±4.3 cm for females). Both values are less than the standards. There was significant negative correlation with SGA (r = -0.247; P=0.045), which indicates that lower the MAC higher the SGA-DMS score fig. 2 .
MAMC measure the protein status in the body. The mean MAMC value was 186.68±42.74 cm (195.6±40.4 cm in males and 166.2±41.8 cm in females). There was significant negative correlation with SGA (r = -0.360; P=0.024), which indicates that lower the MAMC higher the SGA-DMS score. The mean MAMC % was 71.25±16.57% (69.9±14.5% in males and 74.4±20.6% in females). As per the standard value, < 75% is considered as severe depletion. The mean values were less than 75% for both males and females in the study, which indicates malnutrition. Men had severe depletion than women.
Biochemical markers: Table 3 shows the correlation of SGA-DMS with biochemical markers of malnutrition. Serum albumin (r= -0.256; P=0.049), total iron binding capacity (r= -0.278; P=0.026), ferritin (r= -0.292; P=0.042) and transferrin(r= -0.254; p=0.046) showed a significant negative correlation with the SGA-DMS score. The total protein, BUN, creatinine and cholesterol levels had no significant correlation with the SGA-DMS.
DISCUSSION
Malnutrition is a frequent complication which affects quality of life and is associated with increased risk of mortality and morbidity in maintenance hemodialysis patients [3, 4] . Compounding factors for malnutrition in hemodialysis patients are numerous. Nevertheless, the nutritional status of dialysis patients is frequently ignored. Most indicators, especially biochemical markers such as serum albumin, transferrin or pre-albumin are useful in identifying high risk patients with malnutrition. They do not necessarily correlate with changes in other parameters and can be influenced by non nutritional factors. They can be confounded by concomitant liver disease, iron deficiency anemia and chronic inflammation [5, 6] . SGA-DMS -subjective global assessment-dialysis malnutrition score; BUN -blood urea nitrogen; TIBC -total iron binding capacity. *P value of ≤ 0.05 was considered significant.
Several methods of nutritional state evaluation are available ranging from anthropometric measurements to more elaborate techniques such as DEXA, Bio Impedance Assay but the reliability of these methods in detecting protein-calorie malnutrition and their practicability as not been proven. Moreover, more elaborate methods are costly and time-consuming, which restricts their use to a few research centers [22] . Detsky et al. further defined special methodology, named Subjective Global Assessment which was designed to circumvent many of these problems. It is easy to use and consists of only three discrete severity levels but closely correlated with more subjective measures. SGA is a reproducible and useful method for assessing the nutritional status of MHD patients. It is inexpensive, can be performed rapidly, requires only brief training and gives a global score of protein energy nutritional status. Disadvantages of this method include the fact that visceral protein levels are not included in the assessment; it is focused on nutrient intake and body composition [23] .
Dialysis Malnutrition Score (DMS) is more objective than the SGA. In this study Dialysis malnutrition score negatively correlated with anthropometric measurements such as body weight, TSF and MAC and biochemical parameters such as complete blood count and most of the subjects were mild to moderately malnourished by modified SGA. Kalantar-Zadeh et al found that DMS was significantly correlated with anthropometric parameters like MAMC, MAC, BMI, BSF and TIBC [19] .
This study did not find correlation with age, duration of hemodialysis and biochemical indicators of nutrition like total protein, creatinine and cholesterol. Various studies have shown that DMS is correlated with age, years of hemodialysis and total protein either singly or in terms of multiple regression analysis [4, 11, 12] . The influence of dietary habits on nutritional status was not considered and no correlations were made between SGA-DMS and dietary recall. This was because the dietary recall details were based on patients' ability to recall their intake and it was not feasible for all patients.
This observational study was conducted to assess the malnutrition in hemodialysis patients using modified SGA and to find the correlation of this method with anthropometric as well as biochemical parameters. SGA correlated with anthropometric parameters like TSF and MAMC% and laboratory parameters albumin, transferrin and ferritin. Nutritional status estimation found that majority of the patients was mild to moderately malnourished. Malnutrition proves to be an important complication in chronic renal failure. SGA-DMS is a reliable method of assessing nutritional status in hemodialysis patients and useful in recommending nutritional support in these patients. However more comparative and longitudinal studies are needed to confirm the validity of this nutrition scoring system in Indian population.
Pharmacist has always been an essential member of the multidisciplinary nutrition support team, involved in providing technical advice on parenteral nutrition, as malnutrition is a common problem in many chronic ailments.
